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Nonwovea Spacer Fabric 

Thjs invention relates to the gold of nonwoven textilo fabrics and processing in 
particular to three-dimensional (3D) nonwoveu spacer fabrics and the process of 
5 making suohfihrios. 

In a preferred embodiment of the invention the nonwovea fabric has at least two 
discrete layers, which axe separated and interconnected at discrete intervals by groups 
of fibres fiom each of the layers to form largely uniform channel-like voids in the 

}0 ' cross-section of a thr^dhnensional fabric. Such a fconwoven fabric is useful feet a 
variety of applications including, but not limited to, medical products, absorbent 
hygiene articles such as diapers, adult incontinence products, feminine hygiene pads, 
wipes, protective garments, thermal insulation products and horticultural mats, hi a 
preferred manufacturing approach such a nonwoven sfrretrae is produced using a 

15 novel spacer system to separate fibrous web layets and fine columnar high pressure 
jets (of c80-150jim diameter) are directed on to th& fibres to bond and interconnect 
the separate fibrous layeis on and between the spacer system elenuarts. The spacer 
system elements are withdrawn to produce an integrated 3D fabric structure with 
channel-like voids or cells in the cross-section running in the machine direction, 

20 which are flamed by groups of fibre which, periodically join the upper and lower 
layers of the fabric. In a fiirther preferred manufacturing approach, functional 
materials in the form of gels, liquids, powders, particles, filaments or wires are 
contained within the voids or cells in the fabric cross-section during the 
manufacturing process. 

25 , ' ' 

Nonwovea fabrics, with a mariced 3D structure are important in technical textile 
applications such as geotextiles, automotive components, upholstery and foam 
replacement, insulation (thennal and sound insulation applications) and civil 
engineering amongst others. A fabric with high compressive force, resistance and 

30 high longitudinal and transverse load-bearing capacity is described by Seegar et al 
(2000). This fabric was manufactured using a modified stitch-bonding machine of the 
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Malimo type. A maximum tensile strength of 150 KN/xa was obtained "with a fabric 
weight in the range 500-1500 g/^ and a production rate up to 5m/minwas claimed. 
The fabric was intended fer use hi drainage' applications, barrier and insulation 
products. USP 5906879 describes a 3D ftetmal-bonded nonwoven fabric made of a 
bulky layer coving a highly crimped conjugated m^ona* fibre with a 
Plurality of peaks separated by channels. Ibis structure has high resiliency and 
excellent absorbanoy. The web was formed using, either spunbonamg, carding, dr- 
laying or wet*toying followed by thennal bonding and fabric weights are in range 15- 
240 g/m 2 . Applioations arc in personal-care absorbent products. An air-lay system to 
produce 3D webs and shell structures from staple fibre has also been reported, (Gong 
et al 2000) uamg porous moulds on to which fibres are deposited. The web to 
consolidated using through air bonding. Omar established methods for forming 3D 
nonwovens rely on orienting fibres perpendicular to the fabric surface, meiuding 
high-loft air-lay technology (Lennox-Ken- 1998) and perpendicular^ structures 
(Ward 2000). There are also methods involving the deposition of fibres on a 
contoured collecting surface (tor example USP 6146580, USP 5575874 USP 
5853628, USP 4741941, USP 4103058) Mowed by bonding, m contrast to normal 
3D nonwoven fabrics the formation of nonwoven fabrics wim discrete voids or cells 
within the cross-section of the structure is a further important variation. 

In US Patent No. 5,475,904, Le Roy describes a method for producing 3D structures 
by joining two or three fibrous materials together with a space or void left between 
the basic layers. The layers of fibrous materials can be wdven, knitted, nonwoven or 
a combination of these. Barbed needles operating between two stripper plates 

25 transfer fibres from one layer to another to fonn links or bridges between separate 
layers. Alternatively. it to claimed that joining the layers can be achieved by stitching 
or ultrasonic welding. The two layers are kept a predetermined distance apart by a 
spacer plate. The spacer plate and stripper plates are adjustable by hand wheels and 
allow structures nmg^g - m mdkness from 5 to 50 mm to be made. Filling materials 

30 can be introduced between me two basjc layers, which may be ream, powder, fibres, 
tubes, wre, threads, and/or electrical conductors, ft is claimed that various different 
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structures can be mote economically formed using this approach compared to 
conventional mcthjoda. The 3D materials . produced can be used in drainage, 
reinforcement, and insulation applioalidns. . . . • 



10 



Lo Roy also describes the use cf needlqnmching to intettxmneot layers. Howerver, 
tiiis approach suffers from the disadvantage that the speed of production is limited to 
a maximum of about lCtaAnin and generally there arc limitations in simultaneously 
bonding and connecting layers in lightweight fabrics below 100 g/m 2 . Thus, a 
pxcconsolidated web structure is normally required which tends to increase the cost 
of production- A farther disadvantage of the method of the prior art ia the risk of 
needle breakage, which has a deleterious effect on fabric quality and product 
acceptance in critical applications (e.g. contact layers used in woundcare). 



15 



20 



The bonding technology that is adapted by the prior art (e.g. needlepunchiftg) does $ 
not permit light-weight 3D nonwoven spacer febric structures to be produced and the \ 
fibrics of the prior art are comparatively thick. The dimensions and geometry of the 
voids are also limited. 



We have unexpectedly discovered a method of overcoming or mitigatrng these '{* 
problems using sax alternative approach that relies oil the use of fluid jets to 
interconnect fibres through a spacer system 



The present invention is intended to overcome tire problems and limitations 
encountered with existing 3D nonwoven spacer fabrics and their methods of 
25 manufacture, and to provide greater versatility in the structure and formation of such 
fihrics in terms of febric weight, fabric thickness, void geometries and dimensions 
maximum production speed and capability for retrofitting. 



The invention described herein comprises a thin, 3D nonwoven spacer fabrics With 
30 discrete, channel-like voids or cells withid the febric orbs&^ectiou, which relies on 
fluid forces rather than conventional mechanical methods to periodically interconnect 
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films firom at least two web structures which are separated by a novel spacer system 
during their production. 

Thus, according to a first aspect of the invention we provide a nonwoven fabric, the 
5 fabric comprising at least two separate but interconnected layers, each of the layers 
being provided with discrete interconnections so as to provide form discrete voids 
between the two layers of fabric. 

The shape of me voids may vary. However, preferentially, the voids comprise a 
10 channel, e.g. a plurality of channels within the structure of the fabric. 1 The channels, 
may, for example awnprise -a tube and be substantially cylindrical in shape. 
However, it will be understood by one skilled in the art that the size and/or shape of 
the voids may be influenced by the choice of the spacer material. Similarly, the size 
of the voids may vary, depending, inter alia, on me nature of the use of the nonwoven 
fabric. However, preferentially, the channels ate such that they have a diameter in 
the range of from 0.2 mm to 8.5 mm. 



15 



20 



The arrangement of the voids may be ordered or disordered However, it is preferred 
that the voids are arranged in a substantially uniform maimer. 

According to a further aspect of the invention we provide a nonwoven fabrio as 
hereinbefore described wherein the voids comprise discrete channels within the body 
of the fabric. 

25 m a preferred embodiment, periodically, groups of fibres may be arranged in the 
plane perpendicular to fabrio plane resulting in a three dhn—t«^ w i nonwoven 
structure. 

The thidmess of the nonwoven fabric may vary according to the nature of the use of 
30 the fabric. However, preferably the fabric may have a thick&ess of from I mm to 9 

TDXXL 
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Similarly, the area density of the nonwoven fabric inay vary aooojding to the nature 
of the use of (he fabric. However, preferably flie febric may have an area density of 
from 40 to 300 g/m a . 

5 

Hie fibrio weight may be in me range 20- 1000 g/m 2 and the fabric density may be as 
low as 0,02 g/cm 3 . 

A variety of fibres may be used in the nonwoven febrioa of Hie invention. A preferred 
10 fabric ia oj*p which ia adapted to be thermally bonded in a secondary process. The 
febric may be a one piece nonwovcn material or may bo a blettd of materials. 

Examples of fibres which may be used in the nonwoven fabrics of the invention 
include, but are not limited to, natural fibres such as pulp fibres, cotton, jute, wool 
15 and hair fibres etc-, man-made fibres or filaments, e.g. polyester, viscose iayon, 
nylon, polypropylene, polyethyleae and the like, pulp fibres or mixtures of pulp fibres 
and staple fibres, aramid fibres, e.g. Kcvlar®; and mixtures of any of the 
abovcanentioned. 

20 The leugth of die staple fibres used in the nonwovcn fabric of the invention may vary 
and may be those conventionally used in nonwovcn fabrics, elg, from 3 to 100 mm* 
In addition, the nonwoven fabric may comprise one or more binders, fillers, etc. 

hi contrast to the prior art, the preferred approach involves the use of fine columnar 
25 water jets (of oa. 80-1 SO^m diameter) to periodically interconnect separated layers of 
web to produce an integrated 3D structure with discrete void architectures in the 
fabric cross-section. Previously, high pressure water jets have been used to bond 
webs and nonwoven fabrics, as well as to produce 3D structures using contoured or 
profiled forming belts (e.g. USP 5098764 Chicopee, Ondovosik 1999) and also as a 
30 means of laminating different structures to form multi-layer febrics (Acar 2000). The 
Hght-weight, nonwoven 3D spacer fabrics containing channel-like voids of tins 
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invention are particularly Suitable for storing or delivering during use, fenctional 
materials in the fbnn of gels, liquids, powders, etc 

fa comparison to existing methods of making 3D nonwoven fabric structures the 
proposed approach potentially offers greater flexibility in terms of raw material 
composition, production speed, fabric thickness, weight and void geometries. 
Furthennore, fabric structures of this invention in which the ctoumeMike voids are 
filled witt functional materials (such as wires, powders, gels, waxes, liquids and 
particles) provides the basis for novel functional engineered materials. 

Thus according to a further aspect of the invention we provide a method of 
manufacturing a nonwoven fabric as hereinbefore described which comprises the 
steps o£ 

15 (i) fonning a textile fibre web either side of a spacer device; and 

(ii) causing fibres in at least one web to.be traosfbored between the gaps in the 
spacer device towards tha adjacent web. (optionally applying the same process to the 
reveree side of the fabric) to fbnn an integrated structure. 

The energy applied influences the structure of the interconnections particularly the 
number of transferred fibres. This process may be repeated multiple times depending 
on requirements. Then, the fabric is slid off the spacer system and is dried and 
collected. 

The textile fibre web may be formed by conventional methods known per as, such as, 
carding, carding and lapping, air-laid, melfr-blowing or spunlaid methods are' 
introduced. 



20 
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The integrated s tr uc tu re may also be formed by conventional methods known per se. 

% .+ - . . • • • ■ * 

However, a proftgred . method is to pass the material under one or mare 
h>to>entanglcment injectors (aftet an optional prewcttmg stage), 

5 Tbe method of the invention may, prefer e ntially comprise the ubq of water jets. e.g. 
fine columnar water jets (of ca. 80 - 200 micron diameter) 

. While die invention will be described In connection with preferred embodiments, it 
will be understood that it is not intended to limit the invention to those embodiments. 
10 On flie contrary, it is intended to cover all alternatives, modifications and equivalents 
as may be included within flic spirit and scope of the invention as defined by the 
appended claims. 

• ■. > 

• • vl- 

It is the objective of the present invention to a) manufacture a 3D nemwoven spacer 

IS Stoic structure consisting of at least two interconnected layers using high pressure ? 

. • • * x '. * * 

water Jets using different web structures and different types of appropriately designed L 

spacer systems, b) incorporate a range of flmotional materials into the channel-like % 

voids within the fabric cross-section in situ (&g. wires, powders, gels, liquids and £ 

particles) to enhance the physical properties of -die 3D nouwoven spacer febric, o) 

20 engineer the macro- and micro- structure of the resulting 3D nonwoven spacer fabric 

by utilising different raw materials and altering the design of the spacer system and 

process conditions. 

It is the characteristic of the present invention that fca basic technology of high 
25 pressure water jets used to produce spunlace or hydrocntangled materials, is 
employed as a preferred method of manufacturing 3D nonwoven spacer fabrics. It is 
intended that at least two fibrous layers will be separated usmg different spacer 
devices of various geometrical designs. Whilst in contact with the spacer device, 
these layers will be impacted by water jets to both entangle fibres in the individual 
30 layers and to migrate groups of fibres in to the Z-direction to. interconnect the 
adjacent layera between spacer bar elements. In this way, the nucrostructure of : 
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internal channel-like voids/pores in the fabric Is Influenced by too Shape and 
morphology of the spacer devioe used (which may be repeated across the width of me 
fabric), process conditions and fibre properties. In a simple embodiment, the spacer 
device may be an array of smooth, hollow cylindrical rods of different sizes or cross- 
5 sections arranged across me width of the machine. Many different designs are 
possible. Also, secondary bonding of the structure using such means as thermal or 
chemical bonding can be utilised to stabilise the internal void structures produced 
during the process. This improves the dimensional stability of the internal ohannel- 
Hke void structures and consequently the physical properties of the fabric will be 
10 enhanced as required for specific applications. 

The spacer ftbrio formation unit used in the present invention can be designed as a 
retrofit system, which can be attached to an existing hvdroentanglement machine, 
This will facilitate the use of me machine for both producing conventional spunlace 
15 fabric and 3D nonwoven spacer structures in accordance with mis invention. The 
number of voids/writ area wimin the cross-section of the fabric will vary depending 
- on the type of spacer devioe used and the dimansions of the voids produced by the 
spacer system. The key element is that there should bo an area between each adjacent 
channel-like void in which the two separated layers are interconnected by the water 
20 jets to clearly define the void and to reduce fabric delammatioa. The spacer devioe 
can also be custcm-rnade based on the required application of the final product. 

The structural characteristics of the internal channel-like voids and int«-eormeoung 
fibres of the nonwoven fabric according to the present invention are explained in 

25 detail by referring to figures 3-8. In addition to the fbTrnation of unfilled 3D 
nonwoven spacer fabrics, different web geometries and spacer Bystem components 
may be selected from a wide variety of shapes and dimensions. This influences the 
rmcw-structural changes induced by the fluid forces. For example parallel-laid or 
cross-laid carded webs, air-laid webs, wet-laid webs, spunlaid and meltblown webs 

30 Uaa be used, including combinations (hereof. The raw materials used may be^lected ' 
flora a broad range of natural, mineral and synthetic fibres with different finenesses 
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. ^ ^ oapcc^ oi iae present invention that the voida mav 

houaa a ftmotional material Such « . may 

15 gels, liquids and particles and the like T 

• • • . % 

«—• — « — Thus, die fabric may b« suifabi^ 

Iba alfcmatfv,. tao fabric may be adapted to be a Ceaa^ « ol e, ^ ^ a 
nZflT'"' ^ *° *"* * m^arf w«b oa. or ^ of a 

30 c ^^" to, ^^^ i ^-^«»»«»dof 
30 cleaning a surfeoe which comnrises fha h.' , > • 01 

described. caniprises fee use of a oleaas^ ^ m herBlnbe&re 
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The voids may contain cosmetically acceptable carriers or vehicles containing, for 
example, solvents, abrasives, moisturise**, bnmectants, oils, em uhtflea , thickeners, 
t hinner s, surfece active agents, fragrances, preservatives, antioxidants, vitamins, 
5 minerals, colourants and preservatives. 

In a preferred embodiment, the voids may contain One or mora of a vitamin A source 
including rctinyl palmitate or other rotinyl esters, retmoio acid, or Retinol; and 
Vitamin K. These components facilitate the skin cleansing and management of skin 
10 conditions. The Rotinol facilitates normal skin production, particularly epidermal 
nonmalisauon. The Vitamin K inhibits or suppresses inflammation and bruising (i.e., 
acts as an anti-inflammatory and anti-bruising agent). 

Anti-oxidants of bom the enzymatic and non-enzymatio type may be included in the 
15 wipes of the invention. For example, superoxide dismutaso (SOD), oatalase, and 
glutathione peroxidase are natural enzymatic antioxidants used by the body. Suitable 
non-enzymatic antioxidants include such as Vitamin E (eg., tocopherol), Vitamin C. 
(ascorbic acid), oarotenoids, Bchmacoside and caffeoyl derivatives, ofigomatic 
proanfoocyanidins or proanmanols (e.g., grape seed extract), sitymarin (e.g, milk 
20 thistle extract, Sflybum inariannm), ginkgo biloba, green tea polyphenols, and me 
like, and mixtures thereof Carotenoids are powerful antioxidants, and they include 
beta-carotene, canlhaxantbin, asaxanmin, lycopen, lutein, crocetin. capsanlhm, and 
the like. Preferably, the antioxidant oomponent includes Vitamin B, Vitamin C, or a 
carotenoid. The anti-oxidant component, when used, is present in an amount 
25 sufficient to inhibit or reduce the effects of free-radicals. 

According to a further aspect if the invention we also provide the use of a ncaxwoven 
fcfcrie as hereinbefore described in the manufacture of an article. 

30 We further provide the u.«c wherein the article is elected form the group, medicament 
delivery device, a cleaning fluids delivery device, an absorbent article, a wipe, a 
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wound dressing, a baby diaper oomponent; an incontinence pad, a feminize hygiene 
absotbcnt pad and a thennal insulation material. 

In addition we also provide a method of delivering a fractional material which 
5 comprises the use of a na&woven febric as hereinbefore described. 

* ■ 
The invention will now be described by way of example only and with reference to 
the accompanying drawings. 

10 Figure 1 is a schematic illustration of one method of raamifkcturing nonwoven spacer 
febric according to this invention. Referring to Fig. 1 water jets are impinged on the 
webs to simultaneously entangle and consolidate fibres in both layers as well as 
interconnect adjacent layers. The shape and morphology of the spacer device, which 
may be repeated across the operating width of lite fabric or may be varied as required, 

15 influence the internal structure of the resulting fabric. In a simple embodiment, §ie 
spacer device maybe an array of smooth rods of different sizes or cross-seotioxi&If 
the rods or spacer elements are hollow, components such as wires, fluids, powders 
resins, yarns, etc. can be inserted in to the febric by passing the external component 
through the spacer elements or tubes, hi this way composite product* can be readily 

20 produced at the same time as the webs are bonded. 



After the basic febric has been formed, secondary bonding may be used to stabilise / 
modify the structure. Preferably, but not exclusively thermal bonding is used which 
preferably involves either convection beating of tie febric using an oven system or 
25 radiant methods. 



30 



In comparison to other methods of forming nonwoven and composite notrwoven 
structures the proposed approach offers more flexibility hi tenons of raw materials, 
production speed aad febric structure variations. 
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Two web* are positioned either aide of a spacer device whioh in this example 
consists of wnifbxmly spaced cylindrical tubes. The lower web is supported on a 
porous conveyor. High pressure water jets are impinged on the web (preferably from 
both aides). In double sidedrtreaunents each aide is conveniently treated in separate 
5 stages. Using the water jets, fibreB are transferred from each web in to the interspace 
between the spacer bars where they become inter-conneoted and form an integrated 
3D structure. The water jet energy introduced on each side can be varied to modify 
the structure as required. Two or more webs can be introduced on both sides (as 
required). After the required energy has been introduced the structure can be slid off 

10 the spacer system leaving a 3D structure havmgtataniel voids c* pores, to 

ffimmmmw of which are a function of the spacer system design. To improve the 
stability of the structure secondary bonding may be used. Preferably, through-air 
bonding (convection) methods are used (assuming at least a proportion of the fibres 
are thermoplastic) although radiant methods can also be applied. Additionally, other 

15 components can be introduced in to the cross-section of the ftbric by introducing 
such materials in to the centre of the spacer elements (assuming they are hollow). 

The lower web may be supported on a porous conveyor, which acts ae a conveyor 
belt Under this belt a suction system is provided to remove excess water. The lower 

20 web is carried on me conveyor until it is immediateh/ below the spacer system (or the 
spacer system is placed on top of the lower web). The upper web is then introduced 
on top of the spacer system. The webs and spacer system are impinged by the water 
jets flom one or more hydroentanglement injectors (after an optional prewetting 
stage) in which fibres in one web are transferred between the gaps in the spacer 

25 system towards the adjacent web. During this process some fibres are also entangled 
thereby increasing the structural' integrity of the web. Following this, 
hydroentanglement is optionally applied from the reverse side in the same way. 
Fibres ftcm me two webs interconnect to form an integrated structure. The energy 
applied influences the structure of the interconnections particularly the number of 
30 transferred fibres. This process may be repeated multiple .times depending on 
requirements. Then, die fabric is slid offthe spacer system and is dried and collected 
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Figure 2 shows a schematic cross-sectional view of one example of a 3D nonwoven 
spacer ffibric formed in accordance with the invention in which the cross-flection 
contains wiree. 

Figure 3 illustrates a 3D nonwoven spacer fabric formed in accordance with this 
invention in which dear channel-like voids are finned under the surjfecc of the fabric 
using a spacer device consisting of an array of circular rods. The spacing interval is 
approximately 1 per cm. 

Figure 4 illustrates a 3D nonwoven spacer fabric formed in accordance with this 
Invention in which the channel-like voids are fitted with functional material in this 
example wires are used. ; 

....... -T* 

■ . . \ v \ 

IS Figure 5 shows a magnified image of a channel-like void along the length of t»e3D 
nonwoven spacer fabric fanned in accordance with this Invention in the vicinity of 



10 



20 



the channel .This picture shows fee differences in ffibric structure (notably 
orientation) between the channel-like area (below flue surface in the caross-$ection) 
and adjacent (unconnected) region of the fabric. " • | 



Figures 6 through to 8 shows typical cross-sections of 3D nonwoven spacer fibrios 
produced according to the present invention. In figure 6 three channels of circular 
cross-seotlan across the fabric width are shown. Figure 7 illustrates a cylindrical 
channel filled with silica gel, powder, which is designed to increase die thermal 
25 insulation propertied of the 3D nonwoven fabric. Figure 8 shows a channel-like void 
with a triangular crofts-section, 

Figure 9 illustrates an example of a continuous process for 3D nonwoven spacer 
fabrio formation and insertion of a functional liquid (in. this example a cleaning 
30 agent) into the fabric according' to the present invention. The two fibrous layers are 
introduced to the spacer device separately and are impacted by higft pressure water 
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jets to form the spacer fabric (creating channel-like voids) at the seme time in a 
continuous maimer, the liquid is inserted through the hollow space* of the spacer 
device directly in to the cross-section of the fabric so that the cleaning agents are 
happed in to me channel-like voids. In this way the cleaning agents do not come in to 
5 contact with the i m pinging water jets, since they do not leave the apaoer device until 
after the fabric has loft the water jet impact point 

Example 1 

10 m particular examples of three applications are identified a) fight-weight thermal 
insulation, b) wipes with in-built detergent delivery and o) super-absorbent diaper 
cores. The light-weight insulation product was prepared using a typioal 3D nonwoven 
spacer fabric produced according to the present invention in which the voids were 
filled with a material called Silica gel in situ as the fabric was formed The thermal 

15 insulation characteristics of toe fabric were measured and compared with a 
conventional spunlaced fabric and results aw given in table 3. The results showed 
better thermal insulation for the 3D nonwoven spacer fabrics containing the powder 
hi the channel-like voids compared with me conventional spunlaced fabric. 

20 A detexgent-deUvery wipe was produced using a 3D nonwoven spacer fabric 
produced according to mis invention, which was filled by pumping a liquid cleaning 
agent in to the internal channel-like voids during fabric manufacture. The surface of 
the channel-like voids can be engineered in such a way mat me cleaning fluid can be 
preferentially delivered to the wiping surface in a controlled manner by arranging for 
25 the fabric to have differential permeability, which improves the functional 
performance of the wipe. 

The nonwoven fabric according to the present invention can also be used to produce 
a superabsorbent pad suitable for use as a diaper component by inserting 
|0 superabsorbent powder into the ciianneJ-like voids during mamifhctura Hie liquid 
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absorption capacity of a typical 3D nonwoven spacer febric ecoording to this 
invention with a conventional spunlace febrio is compared and reported in table 3. 

The bask weight for nonwoven fabrics produced in accordance with Che invention 
will vary widely depending upon the intended use. For example, very Utfta-wcight 
febrics in the range of 40 g/m 2 to 80 g/m 2 can be made for persona] care products. 
Heavier bask weights in the range 50-100 g/m 2 will serve for applications such as 
wipes and cleaning products. Still heavier products in the range of 1 00-300 g/ua? may 
be useful for applications including sound and thermal insulation. 

Production speeds are in die range 0.1 m/min-60 m/tttin 

Example 2 



15 Using a retrofitted apparatus schematically illustrated in figure 2, a 3D nanwoyen 



20 



spacer ffihtfo was produced using two carded, oross-tepped layers made of viscose 

fibre of 1.7 dteoc fineness and 40mm length. A simple spacer device consisting of an 

." 

array of smooth rods was used and channel-like voids, as generally shown in figured, 
were formed The hydroentanglement machine specifications used in this exaupjfle 
are summarised in table L "'V 



Parameters 


Specifications 


Water pressure 
Conveyor belt speed 
Belt specifications 

Jet orifice diameter 
Jet Density 

Coefficient of discharge 


70 bar in total (profiled) 
8m/min 

4/1 Step twill with weft faced 
side uppermost 
130^ Pitch 0.7 mm 
1197holeata 
-0.66 



Table' 1 Hydro entangleambnt machine specifications 
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The dimensional characteristics and some physical attributes of the produced fabric 
were measured and given in table 2 and 3. The results show that the 3D spacer 
nonwoven fabric exhibits better physical characteristics compared with the flat febric. 



Sample 

8 


Total 
Applied 
pressure 

(Bar) 


Total 
Applied 
Energy 
(KJ/Kg) 


Weight 
(g/m 2 ) 


Thickness (mm) 
Fltt/rtandart&brfc spacer ftbdc 


A 


70 


0,49 


104 


ia 


3.9 


Table 2 Dimensional 


character 


sties of a typical spa 


ser fabric 



Samples 


Ah 
permeability 
CD)* 


Compression 
Resiliency 

<%) 


Liquid 
Absorption 
Capacity (%) 


Surface 
temperature * 
CP) 


Flat 
febrile 


41.1 




822 


27.5 


Spacer 


91.8 


95 


1166 


25.78 



Table 3 physical characteristics of atypical spacer fabric 



D ea D*Atcy 

* The higher the temperature the less thermal insulation is provided by the fabric. 
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CLAIMS 

J. A nonwoven &bric ( Xttiipr irfng at least two separate but intetxxmnected layers, 
each of the layers being provided with discrete interconnections so as to provide 
5 discrete void* between tho two layers of fabric. 

. 2. A nonwovea fabric according to, claim 1 characterised in that the voids 
comprise a channel within the structure of the fabric 

10 3. A nonwoven fabric according to claim 1 characterised in that the voids 

comprise a plurality of channels. 

* .. . * * .' *• . • 

4. A nonwoven ffcbric according to claim 2 characterised in that the channels are 
a saabstaxxtially cylindrical or tubular shape. 
15 ^ % 

5; A nonwoven fabric according to claim 1 characterised in that the voids axis 

• * • 

6. A nonwoven fabric according to claim 1 characterised in that the thickness o|; 
20 the nonwoven of fiom 1 xnmto9tma - 

7. A nonwoven fabric according to claim 1 characterised in that the area density 
of the nonwoven febric is from 40 to 300 g/!m\ 

25 8. A nonwoven febric as hereinbefore described wherein the voids comprise 
discrete channels within the body of the fabric. 



9. A nonwoven febric according to claim 1 characterised in that die fabric 
weight may be in the range 20-1000 gta 2 . 
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10. A nonwoven febrio according to claim 2 characterised in that the width of the 
channels are in the range from 0.2 mm to 8.5 mm 

11* A nonwoven febrio according to claim 1 characterised in that the voids 
5 contain within them functional materials. 

12, Ancmwoveafthricaecoidm 

material is a yarn, filament, wire, wax, gel, liquid, pulp or particle. 

10 13. A nonwoven fibiic according to claim 1 in which the separated layers are 
formed torn carded, airraid, wet-laid, spim-laid and meltblowns webs or 
combinations thereo£ 

14. A nonwo von fabric according to claim I in which at least two fibrous layers 
15 are made of different fibre types. 

15. A nonwoven fabric according to claim 14 in which two fibrous layers 
comprises a hydrophobic and a hydrophilic layer respectively. 

20 16. A nonwoven fabric according to elaim 12 characterised in that the yarns or 
filaments are made of natural, man-made and/or mineral fibres. 

17. A nonwoven fabric according to claim 12 characterised in that the liquids are 
Cleaning liquids, detergent liquids, paints, perfixmes, cosmetics, lotions, ointments, 

25 liquid nutrients or creams. 

18. A nonwoven fabric according to claim 12 characterised in that the powders 
are selected from superabgorbents, cleaning agents, medicaments, etc. 

30 19. A nonwovenjBbric according to claim 12 characterised in that th,e particles 
are selected from a material called Silica gel activated carbon particles, metallic 

18 
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particles, ceramic particles, polymer particles, phase chango material (PCM) 
particle*, seed particles, etc. 

20. A nomrovea febric according to claim 12 characterised ia that fhewires are 
5 selected fiam electrically conductive wires, shape memory alloy (SMA) wire* optical 
; wires, etc 



10 



21. A nanwoven fabric according to claim 1 2 characterised In that the gels are 
selected from hydrogds, medicinal gels, hygienic cleaning gels, etc. 

22. A method of manufacturing a notxwoven fabric as hereinbefore described 
. which comprises the steps of; 

.*• 

(i) forming a nonwo ven fabric ftnm fibre or filament webs either side of a spacer 



15 device; and 



20 



v 



(ii) causing fibres in at least ano web to be transferred between the gaps in the v 
spacer device towards the adjacent web (optionally applying the same process to tho£ 
reverse side of the fabric) to form an integrated structure. . | 

23. A method according to claim 22 in which high presswe water jets are used in 
combination with a rigid spacer device to manufacture the febrio. 

24. A method according to claim 22 in which the web is fttfmed by a method 
25 selected from, carding; carding and lapping, air-laid, melt-blowing or spmlaid 

methods. 

25. A method according to claim 22 in which two or 'mote fibrous layers 
introduced cm to the face aad back surfaces of a spacer device. 
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26. A method according to claim 25 in which the layers are then conveyed along 
the upper and lower surfaces of the spacer device and at the same time are impacted 
by high pressure water jets, which interootmeot groups of fibres in the layers between 
the spacer elements. 

5 

27. A method according to claim 22 in 'which the fibres are mechanically 
entangled hy the jets to provide structural cohesion in the fabric 

i 

28. A method according to claim 22 in which a functional material is introduced 
10 to the channel-like voids during the process. 

29. A method according to claim 22 fat which if the ohannel-like voids are filled 
with functional components, they are protected from the water jets during the 
bonding stage 

15 

30* A method aoooiding to claim 22 ia which at the end of the process, the 
formed fabric is removed from the spacer system to leave a 3D fabric structure, 

31. A method according to claim 22 which is continuous . 

20 

32. A method according to claim 22 in which the fabric is additionally thermally 
bonded, 

33. A nonwoveoa fabric according to claim 1 characterised in that the nonwoven 
25 fabric is suitable for the controlled release of one or more medicaments. 

34. A nonwoven fabric according to claim 1 characterised in that the nonwoven 
fabric is suitable for containing and/or delivering one or more cleaning fluids. 

30 35. A nonwoven febric according to claim 1 characterised in that the nonwoven 
fabric is in the farm of an absorbent article. 



20 
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36. A nonwoven fhbrio according to claim 35 characterised in that the absorbent 
article is a wipe. • 

5 37. A nonwoven fabric according to claim 35 characterised in that fho absorbent 
article is a wound dressing* 

38. A nonwoven &bric according to claim 35 characterised in that the absorbent 
article is a baby diaper component 

10 ; -" • . , '- - ' ' " ' 

39. A nonwoven fabric according to claim 352 characterised in that the absorbent 
article is an incontinence pad 

: 40- A nonwoven fabric according to claim 35 characterised in that the absorbent 

». 

15 article is a feminine hygiene absorbent pad. J« : 

•V 

' " • ■ ' .• "% 

. 41. A nonwovon fabric according to claim 1 characterised in that tho nemwerram 

. * '* ' ' 

fabric is suitable for light-weight thermal insulation. $ 

• . ■ . - % 

- ■ *\ 

70 42. The use of a nonwoven febric according to claim 1 in the manufacture of an 

article. 

43. The use according to claim 42 characterised in that the article is selected firom 
the groiip 6 medicament delivery device, a cleaning fluids delivery device, an 

25 absorbent article, a wipe, a wound dressing, a baby diaper component, ah 
incontinence pad, a feminine hygiene absorbent pad and a thermal insulation 
material. 

44, A method of delivering a functional material which comprises the use of a 
30 nonwoven febric according to claim 1 
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45. A device for manufacturing nonwoven fabric according to olaim 1 wherein 
the device is substantially as described with reference to the accompanying examples 
and drawings. 

5 46. A nonwoven fabric substantially as described with reference to die 
accompanying examples and drawings. 
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Films 



Evacuate water 

Figure 1 Schematic view of * preferred apparatus used In producing nonwoven 
spacer fabric according to present Invention, \ 



Fabric 
Cross Sections 
with and without 
filling materials 




Figure 2 Schematic cross-section of a typical spacer fabric produced according to claim 1. 
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